Due to their compact design, ease 
57
The pertinent literature, presents a considerable number of widely cited studies on the 58 pressure drop for single-phase flow in helically coiled tubes [6, 7] . A lesser number of studies 59 have investigated the two-phase pressure drop characteristics in helically coiled tubes. Whilst 60 being more relevant to real-life engineering systems, when compared to single-phase flow, 61 two-phase flow is significantly more complex due to the combination of the three forces 62 governing the flow regime, these being the: inertia, liquid gravity and centrifugal forces [8] . reported that the phase with the lower density is subjected to a smaller centrifugal force which 68 forces the lighter phase to shift towards the inner side of the coil's wall. However, Saffari et al.
69
[17] reported that for bubbly flows at elevated Reynolds numbers and characterised by small 70 bubble diameters (b<0.5mm), the enhanced fluid mixing could result in a quasi-homogenous 71 distribution of the secondary phase. This draws an analogy to similar investigations with 72 nanofluids where no significant phase separation was reported [18] .
73
A recent development in the field of bubbly air-water two-phase flow has resulted in 74 the injection of microbubbles in the flow to achieve a reduction in the system frictional pressure 4 pump for maintaining the system mass flow rate. Before entering the test section, the working 123 fluid was heated to a subcooled state through the use of the pre-heater. The system bulk fluid 124 flow rates were typically controlled by the system circulation pump. Stainless steel [25, 27, 28] 125 was used for the test section, which was thermally insulated to minimise the heat losses to the 126 environment. The majority of the studies reviewed in this paper used the electrical direct 127 heating method to heat the test section whilst, armoured K-type thermocouples were typically 128 used to measure the bulk fluid temperature along the test section. K-type thermocouples,
129
welded to the outside surface of the tube, were also used to measure the tube's wall temperature.
130
These thermocouples were electrically insulated in order to avoid the effects of the heating 131 electrical currents on it. Pressure sensors, installed at the return and flow ends of the helically 132 coiled tube, measured the total two-phase pressure drop whilst a water cooled condenser 
Steam and Water

147
A number of correlations are presented in the open literature for the calculation of the flow 148 boiling pressure drop multiplier in helically coiled tubes for a wide range of system parameters.
149
The reviewed correlations are summarised in Table 1 164 165 where: The coil orientation has a significant influence on the frictional pressure drop. Pressure drop is also a function of the system pressure and mass quality. The pressure drop characteristics and relevant correlations for flow boiling and condensation
237
of R-134a in helically coiled tube heat exchangers are summarised in Table 2 . In contrast to 
248 249
where: The numerical models for the R-134a refrigerant frictional pressure drop in vertical [11] Condensatio n
The effects of the tube orientation on the pressure drop were not significant whilst the effects of the refrigerant mass flow rate on the pressure drop were more significant in the annular section of the pipe when compared to the inner tube. In contrast to the paucity of studies on the gas-water two-phase flow heat transfer 326 characteristics in helically coiled tubes [57] , the open literature presents numerous studies on 327 the two-phase gas-water pressure drop characteristics. where: There is a significant paucity of studies on the pressure drop characteristics of Table 4 summarises the pertinent experimental studies reviewed, categorised according There is an agreement amongst authors [18, 14] that the transitional velocity, and hence 457 the critical Reynolds number of nanofluids will be higher than that of the base fluid. This is 458 due to the higher viscosity of the former. As reported in our review on the two-phase heat 
480
The latter results were attributed to the random motion of the nanoparticles which did not 481 impede the formation of the secondary flow.
482
The nanofluid pressure drop as a function of the coil geometry was investigated by with a decrease in the curvature ratio. The pressure drop was also independent of the coil pitch.
485
The former was principally attributed to the weaker centrifugal forces, hence minimising the horizontal coils, ceteris paribus (Fig. 5) . However, they failed to critically analyse these results. The pressure drop increased with increasing particle volume concentration and mass flow rate. The pressure drop increased with increasing particle volume concentration and Reynolds numbers. For 2% WC, the pressure drop, when compared to oil flow only, increased by 20.3%. For a straight tube this was measured as 13.2%
No correlation. The pressure drop increased with increasing particle volume concentration and mass flow rate. 31% pressure drop increase over the base fluid at the highest concentration. Pressure drop is independent of the coil pitch whilst a decrease in the curvature ratio results in a lower pressure drop. Pressure drop in the coiled tube is up to 2.5 times higher than that in a straight tube. The pressure drop increased with increasing particle volume concentration and mass flow rate. A decrease in the curvature ratio results in a lower pressure drop, whilst the coil pitch had a minimal effect on the pressure drop.
Multi-Walled Carbon NanoTubes nanoparticles & Oil
No correlation. Generally, the pressure drop increased with increasing particle volume concentration and mass flow rate. Rate of pressure drop increase was higher when the Dean number increased. Hence, no significant increase in the pressured drop with 0.1% and 0.4% nanofluid particle volume concentration.
No correlation. 
Numerical Studies
502
Research on the pressure drop and the general thermo-physical properties of nanofluids where V is the fluid velocity, FB are the body forces, ϕd is the energy dissipation term and Q is thermo-physical properties of the nanofluids were obtained using the equations given in Eqs.
529
(17-28) [21, 31] .
531
Density:
532 533
534 535
Heat capacity:
536 537
538 539
Effective thermal conductivity:
542 543
Static thermal conductivity:
547
Brownian thermal conductivity: to the reduction in the centrifugal forces with larger helix diameters. As illustrated in Fig. 6 , 618 the pressure drop was also reported to be independent of the helix pitch. Pressure drop with 2% nanoparticles is 11% higher than that for the base fluid, ceteris paribus. Pressure drop for the base fluid in the helical coil was 3 times higher than that in a straight tube. As discussed in Section 3, recent studies have suggested that the introduction of small This paper has provided a review on all the investigations available in the pertinent literature reported the pressure drop to be quasi-identical to that with pure water in coiled tubes.
729
This paper has also outlined areas for further research, principally in the fields of air-water and 
